A Synthetic MIMO PLC Channel Model by Pittolo, Alberto & Tonello, Andrea M.
ar
X
iv
:1
60
4.
01
59
4v
1 
 [c
s.I
T]
  6
 A
pr
 20
16
20TH IEEE INTERNATIONAL SYMPOSIUM ON POWER LINE COMMUNICATIONS AND ITS APPLICATIONS (ISPLC 2016) 1
A Synthetic MIMO PLC Channel Model
Alberto Pittolo1 and Andrea M. Tonello2
1University of Udine, Udine, Italy – e-mail: alberto.pittolo@uniud.it
2Alpen-Adria-Universita¨t, Klagenfurt, Austria – e-mail: andrea.tonello@aau.at
Abstract—The huge and increasing demand of data connec-
tivity motivates the development of new and effective power
line communication (PLC) channel models, which are able
to faithfully describe a real communication scenario. This is
of fundamental importance since a good model represents a
quick evaluation tool for new standards or devices, allowing a
considerable saving in time and costs. The aim of this paper
is to discuss a novel top-down MIMO PLC synthetic channel
model, able to numerically emulate a real PLC environment.
First, the most common channel modeling strategies are briefly
described, highlighting strengths and weaknesses. Afterwards,
the basic model approach is described considering the SISO
scenario. The implementation strategy is then extended to the
MIMO case. The validity of the proposed model is proved making
a comparison between the simulated channels and channels
obtained with measurements in terms of both performance and
statistical metrics. The focus is on the broadband frequency
spectrum.
Index Terms—Power line communication, channel modeling,
multiple-input multiple-output, indoor, synthetic model, top-
down.
I. INTRODUCTION
In recent years, we have assisted at the huge demand of
data connectivity by users, but also by the widespread use
of “smart” devices that need to exchange information. Within
this context, the exploitation of the wireless technology alone
will not be enough. Another attractive solution is represented
by the transmission of information over the power delivery
infrastructure, named power line communication (PLC), which
plays an important role and is becoming more and more
popular. In particular, PLC is very useful for applications such
as: remote metering, local area networks, home networking
and automation, as well as in the Smart Grid context. A first
industrial standard for indoor PLC applications was developed
by the HomePlug (HP) Alliance for devices operating in
the 2–28 MHz band. The latest version, namely HPAV2 [1],
promises to achieve up to 2 Gbps extending the bandwidth up
to 86 MHz, exploiting multiple-input multiple-output (MIMO)
transmission, using precoding and adaptation, together with a
number of advanced techniques at the MAC layer. Moreover,
the first worldwide broadband standard was defined by IEEE
(standard P1901) [2], followed by ITU (G.9960 known as
G.hn) [3].
In order to provide effective channel models, suitable for
the design of innovative devices and for the definition of
new standards, it is of fundamental importance to assess,
This work has been presented at the 2016 IEEE 20th International Sympo-
sium on Power Line Communications and its Applications (ISPLC) – Bottrop,
Germany, 20-23 March 2016, in the recent results session.
and then be able to reproduce, all the channel properties
and the specific features of the different environments. This
is even more true when considering a PLC network, where
different wiring structures and network topologies, as well as
line discontinuities and unmatched loads, imply an extreme
variability of the channel. Thus, a thorough knowledge of the
transmission medium is needed in order to develop reliable
channel models, able to faithfully describe a real network.
This paper considers both the in-home SISO and MIMO
scenarios in the broadband frequency range. First, the most
common channel modeling strategies are defined and com-
pared, assessing differences and similarities. Then, the atten-
tion is moved towards the top-down modeling strategy. The
aim is to exploit all the available information concerning the
channel properties in order to develop a simple and effective
top-down synthetic channel model, suitable for any SISO
or MIMO PLC scenario. The modeling strategy is initially
described for the SISO case. Afterwords, it is extended to
the MIMO context. Both the procedures are validated through
numerical results. The conclusions follow.
II. CHANNEL MODELING
The characterization of the PLC channel, its properties and
the relationship between its metrics, is of fundamental impor-
tance in order to develop a fair and effective channel model.
The reasons for the development of new and simple models
is mainly related to the researchers, developers and manufac-
turers needs, that demand a quick and cost effective way to
test the new devices. In this perspective, two different channel
modeling strategies can be approached, namely bottom-up
and top-down. Each strategy can follow a deterministic or a
statistical approach and has its own strengths and weaknesses.
The bottom-up approach relies on the transmission line
theory in order to describe the channel transfer function,
representing the complex network structure via ABCD or
scattering parameter matrices. A statistical extension to this
approach was firstly proposed in [4] and then extended in
[5], which offered a realistic statistical description of in-home
networks. Unfortunately, this approach requires a complete
network topology knowledge in terms of wiring cables and
loads, leading to computationally intensive procedures.
Conversely, following a top-down strategy, the channel
response is obtained by fitting a given parametric analytic
function with the data coming from the experimental measures.
In particular, in [6] the CFR was modeled taking into account
the multipath nature of the signal propagation, as well as the
cables losses. Based on the model provided in [6], a statistical
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Fig. 1. Normalized covariance matrix comparison for the experimental and
the simulated SISO CFRs in dB scale.
extension to the top-down approach was firstly presented in
[7]. Although the model discussed in [6] belongs to the top-
down family, it still embeds some physical concepts and can be
further simplified. Indeed, according to recent results discussed
in [8], the CFR can be easily and directly modeled via a
synthetic channel model that generates amplitudes and phases
as correlated complex random variables. Hence, the top-down
approach represents a promising technique to develop simple
and effective channel models, as discussed in the following.
A. A SISO Synthetic Channel Model Approach
In this section, a brief description of the synthetic channel
model presented in [8] is discussed for the in-home SISO case.
The focus is on the broadband frequency range, e.g., in the
1.8–100 MHz band. The main idea is to consider the CFR in
amplitude and phase as H(f) = A(f)ejϕ(f) and to exploit
their joint statistics.
From the experimental measurements analysis it has been
demonstrated that the amplitude A(f) is log-normally dis-
tributed [9], while the phase is uniformly distributed [10], [11].
However, these two quantities exhibit a correlation between
the different frequencies for each considered measurement. In
order to simplify the problem the logarithm version of the CFR
is considered, which is defined as HdB(f) = log[H(f)] =
AdB(f) + jϕ(f). It is straightforward to note as AdB is
normally distributed, while ϕ(f) is still uniformly distributed.
Thus, in order to account for the correlation in frequency,
the normalized covariance matrix of the CFR, normalized
by the product of the standard deviations of the considered
variables, is considered. After some algebra, it turns out that
the normalized covariance matrix (named RHdB ) is given by
RHdB = RAdB + Rϕ + i[R
T
AdB ,ϕ
− RAdB ,ϕ], where {·}T
is the transpose operator, while RAdB , Rϕ and RAdB ,ϕ are
the auto-covariance of the amplitude in dB, the phase and
the covariance among the amplitude in dB and the phase,
respectively. From the measurements analysis, it has been
noted as the imaginary part of RHdB is approximately zero
(having an average value of 0.024), as the average value of
RAdB ,ϕ (nearly 0.033 on average). Hence, AdB and ϕ(f)
can be assumed uncorrelated (hypothesized as independent for
simplicity), while RHdB can be assumed as real and equal to
the sum of RAdB and Rϕ.
The basic idea is to generate and correlate the amplitude
(in dB scale) and the phase, independently, in order to
obtain a set of CFRs that is statistically equivalent to the
experimental measurements and with the same normalized
covariance matrix, as clarified in Fig. 1. The generation of
a vector of correlated normal variables is simple and is given
by AcordB = (KAdB)1/2AinddB +m, where AinddB ∼ N (0, I) is the
vector of independent normal variables having mean m, while
KAdB is the covariance matrix of the measurements amplitude.
For the phase the process is a bit more complicated. In order to
correlate uniform random variables (r.v.), the relation between
the Pearson (linear) and the Spearman (rank) correlation is ex-
ploited [12], [13], [14]. Given the target normalized covariance
matrix Rϕ and the normal distribution function N(·), firstly a
vector x of normal r.v. with a modified normalized covariance
matrix Rˆϕ = 2 sin(Rϕpi/6) is generated. Secondly, the vector
of correlated uniform r.v. is obtained as u = N(x). As it
can be noted in Fig. 1, there is a good matching among the
normalized covariance matrix of the measurements and that of
the simulated channels. The only slight deviations are limited
to the sharp transition areas, i.e. from high to low correlation
values, or vice versa.
B. Extension to the MIMO Scenario
The exploitation of all the available wires, through a MIMO
transmission technique in an extended frequency range [1], is
of primarily interest. This, together with precoding, adaptation
and a number of advanced techniques at the MAC layer, leads
to a great performance improvement, enabling the achievement
of much higher data transmission rates, in the order of 2
Gbps of peak rate. Thus, it is of interest to extend the SISO
synthetic channel model discussed in Section II-A to the
MIMO scenario.
Similarly to the SISO case, the overall MIMO database
of measurements can be represented through a singular four-
dimensional matrix H, having dimensions NM ×NR×NT ×
M . In particular, NM , NR, NT and M represent the number
of measurements, receiving modes, transmitting modes and
frequency samples, respectively. This matrix can be properly
reshaped in order to consider not only the frequency corre-
lation, but also the spatial correlation, existing among all the
spatial mode combinations. In particular, the reshaped matrix
Hr has dimensions NM × NR · NT · M . Each column of
Hr represents all the measurements corresponding to a given
frequency and referred to a specific transmitting-receiving
mode combination. Hence, according to the same procedure
discussed in Section II-A, the covariance matrix among each
column of Hr can be computed and then used in order
to obtain an equivalent set of numerically simulated MIMO
channels with a given target covariance. This strategy has been
adopted for the amplitude only.
Concerning the phase, a different generation procedure
is adopted. Indeed, the implementation method detailed in
Section II-A can be used for the emulation of the overall phase
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Fig. 2. Capacity C-CDF comparison between experimental and simulated
MIMO channels in the 1.8–100 MHz frequency band.
correlation exhibited by the entire database of measurements,
especially among the different transmitting-receiving modes.
However, in the following we consider a simpler approach.
In particular, the unwrapped phase slope, along frequency, of
the MIMO measurements has been assessed and statistically
characterized. Then, an equivalent set of unwrapped phase pro-
files is computed imposing a slope that is randomly generated
relying on the experimental slope distribution. As it will be
discussed in the following section, this procedure allows to
achieve good results, especially in terms of channel dispersion,
despite its simplicity.
C. Numerical Results
In order to validate the proposed synthetic MIMO channel
model as an effective tool, which is able to emulate a typical
PLC network, the distribution of the achievable performance
is assessed. The MIMO channel measurements performed by
the European Telecommunications Standards Institute (ETSI)
special task force (STF) 410, discussed in [15], are considered.
The focus is on the 2 × 3 MIMO channel, thus limiting the
analysis on the three linearly independent star-style receiving
modes, namely, phase (P), neutral (N) and common mode
(CM), while feeding two ∆-style transmitting modes. Con-
cerning the noise, the MIMO PSD measurements provided
by the STF-410 in [15] are assumed, considering also the
noise correlation among the receiving modes, as discussed
in [16]. In Fig. 2 the capacity complementary cumulative
distribution function (C-CDF), achieved by the 353 MIMO
measurements and by an equivalent set of 2000 simulated
channel realizations, is depicted. It can be noted as, apart from
some small differences, mainly focused in the middle part, the
distribution of the performance is practically the same for both
the considered data sets. Indeed, the maximum discrepancy is
in the order of 0.18 Gbps. The differences are mainly due
to some inaccuracies in the generation process, as well as to
some approximations, such as the independence of amplitude
and phase discussed in Section II-A.
Furthermore, also the average value of the most commonly
used statistical metrics, namely the average channel gain
TABLE I
AVERAGE VALUE OF THE MAIN STATISTICAL METRICS FOR BOTH THE
EXPERIMENTAL AND THE SIMULATED MIMO CHANNELS.
Type Band G στ B
(0.9)
C
C
(MHz) (dB) (µs) (kHz) (Gbps)
Experimental 1.8–100 −42.30 0.350 293.22 1.53
Simulated 1.8–100 −40.46 0.353 214.50 1.64
(ACG), the root-mean-square delay spread (RMS-DS), the
coherence bandwidth (CB) and the channel capacity, has been
computed for both the experimental and simulated channels.
The average is performed over the ensemble of realizations and
among the different spatial modes. The computed quantities
are listed in Table I. It can be noted as there is an almost
perfect match among the metrics computed relying on the
measurements and those calculated using the simulated chan-
nels, for all the considered quantities. The difference in terms
of average capacity is approximately 3 %, hence, a very low
value. This results show as the proposed modeling strategy is
able to capture all the properties and the relationships exhibited
by a real communication scenario, despite its simplicity. In
particular, it has been proved that it is more convenient to take
into account a punctual, i.e. realization by realization, phase
dependency along frequency, rather than impose a faithful
overall spatial and frequency correlation for all the ensemble
of realizations.
A representative database of 100 MIMO PLC channel re-
sponses generated according to the proposed model described
is made available online in [17].
III. CONCLUSIONS
This paper proposes an extremely synthetic top-down chan-
nel model for the MIMO PLC channel. The basic model idea
and its theoretical basis have been discussed for the SISO case
first. Then, the modeling procedure has been extended and
tested on a specific in-home MIMO PLC scenario, relying
on experimental channels. The proposed model has been
evaluated comparing the main average statistical metrics and
the performance, assessed in terms of capacity distribution.
The strengths of the proposed model are the simplicity, relying
only on the amplitude and phase properties, the flexibility,
being suitable for different application contexts, and the sta-
tistical representativeness, as the results show. Indeed, the
provided general model has the ability to emulate several PLC
scenarios only by considering their specific properties. Thus,
an interesting topic is the application of the proposed approach
to other PLC application domains.
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